INTRODUCTION
The mechanism or mechanisms by which toxic levels of lithium affect the heart remain obscure, but it has been suggested that Li replaces intracellular potassium (Ki), thereby raising plasma K levels, resulting in physiological effects similar to hyperkalaemia (McKusick, 1954; Carmeliet, 1964) . Carmeliet (1964) exposed cat ventricular muscle to Na-free, Li-substituted solutions and measured (by flame photometry) an accumulation of intracellular lithium (Lii) of approximately 121 mM in 1 h. During this time [K] i decreased from 151 to 71 mM. It is unclear to what extent these results were affected by the large increase in internal calcium concentration ([Ca] i) that occurs in these Na-free conditions due to Na-Ca exchange (Reuter & Seitz, 1968) . For instance, a high [Ca] i may induce increased K efflux. We have re-examined this problem using ion-sensitive microelectrodes to measure the activities of Li and K directly, under conditions where less drastic reductions of extracellular sodium concentration ([Na]o) were employed.
METHODS
Fresh sheep hearts were collected from the local abattoir and transported in HEPES-buffered cardioplegic solution to the laboratory as previously described (Noireaud, Bright & Ellis, 1989) , except that the solution was not gassed during collection and transit. The free-running Purkinje fibres were dissected out, mounted in a superfusion chamber (volume 0.2 ml, maintained at 35 OC), and perfused with normal Tyrode solution (flow rate 2 mi/min). The normal Tyrode solution contained (mM): Na,140; K, 6; Ca, 2; Mg, 1; C1,146; HEPES, 10 and glucose, 10. When loading with Li, NaCl was partly replaced with LiCl to give a final concentration of 70 mM for Na and Li. The cells were penetrated by three microelectrodes: the first was a conventional 3 M-KCl-filled electrode, the second a K-sensitive microelectrode (valinomycin ligand) , and the third a Li-sensitive microelectrode (Thomas, Simon & Oehme, 1975) . The electrodes were prepared and filled as previously described (Noireaud et al. 1989) , and the ion-sensitive microelectrodes were calibrated in the superfusion chamber before the preparation was mounted. The calibration of the K microelectrode has been described elsewhere (Noireaud et al. 1989 ). The Li electrode was calibrated in a solution containing (mM): Na, 5; K, 141; Mg, 1; Cl, 146 and HEPES, 10. To produce Li standards, KC1 was replaced with LiCl. Calcium was not added to calibrating solutions. The activity coefficients for both Li and K were assumed to be the same intracellularly as in the external calibrating solutions. After the electrodes had been inserted and the output allowed to stabilize, the tissue was exposed to the 70 mM-Li-Tyrode loading solution for 1 h, after which the solution was changed back to normal Tyrode solution. Solutions were gassed with 100 % 02 when used to perfuse the preparation. Results are expressed as means±s.E.M.
RESULTS
On perfusion with external Li (Fig. 1) , [Li] i rose approximately linearly over 60 min to 28-6±7.1 mM (n = 4). After 1 h [K]i fell significantly (P < 0*0001; two-way ANOVA) by 28*3±6 to 79-5±14*9 mM (n = 4). There was a significant linear relationship between [Li] i and the observed changes in [K]i (Fig. 2) There would also be a reduction of intracellular sodium concentration ([Na]i) of approximately 3 mM in our Li-Tyrode solution due to the reduction in [Na] o (Ellis, 1977) . However, the rate of fall in [K] i showed no signs of slowing and other experiments, using total replacement of Na by Li, have shown [K]i to decrease below this level (Carmeliet, 1964) . The depolarization could be due to (a) the initial large Li influx, (b) the steady loss of K from the cells into restricted extracellular spaces and (c) a reduced electrogenic Na-K pump activity (by a few mV) due to the reduced [Na]i.
We conclude, therefore, that Li entry into these cells generates an approximately equimolar efflux of K, and this Li-induced displacement of Ki may play an important role in the effects of Li on the electrocardiogram (McKusick, 1954; Mitchell & Mackenzie, 1982) .
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